INTRODUCTION
Magnetotelluric (MT) data has gained acceptance as a useful tool in a broad range of disciplines including geothermal energy, mineral exploration and understanding the deep earth. Underlying the interpretation of MT data, is the perennial challenge of inversion uncertainty. A variety of approaches to limiting or quantifying inversion uncertainty are available which usually take the form of joint/constrained inversion (Heincke et al., 2006; Zhdanov et al., 2010; Moorkamp et al., 2011; Meqbel and Ritter, 2015; Ogaya et al., 2016) or probabilistic inversion (Brodie and Jiang, 2018; Conway et al., 2018) . Less common is detailed consideration of model variability during interpretation. Often studies rely on a single MT inversion model for interpretation with little consideration given to model variability (e.g. Aboud et al., 2018; Majcin et al., 2018; Özaydın et al., 2018) . While there are examples of inversion uncertainty incorporated into interpretation (Tietze and Ritter, 2013; Meqbel et al., 2014) , analysis of inversion variability is typically qualitative, such as by visual comparison of inversion results.
We present a depth to basement case study which takes into consideration inversion uncertainty during interpretation. We use synthetic modelling and analysis of inversion variability to estimate two sources of uncertainty for the depth to basement interpretation.
METHOD AND RESULTS
The Isa Extension MT survey was used for this case study ( Figure 1 ). The survey was acquired in 2014-15, and contains 809 broadband MT sites (frequency range 2.2 x 10 -4 Hz to 3 x 10 2 Hz) and 854 audiomagnetotelluric sites (frequency range 0.5 Hz to 10 4 Hz). Data analysis supports 1D or 2D inversion for frequencies above 10 Hz. Below 10 Hz, 3D character was identified in the dataset (Figure 2 ). 
Inversion parameters
Two inversion codes were used on the project dataset. The rj-McMC 1DMT inversion code was selected because it is a probabilistic inversion code which offers an estimate of uncertainty (Brodie and Jiang, 2018) . Occam2D was selected to ensure the 2D data in the project area were adequately modelled
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Inversion with Occam2D and rj-McMC was conducted for over 1600 magnetotelluric sites from the Isa Extension MT survey in western Queensland. The combination of 2D deterministic inversion and 1D probabilistic inversion offered surety that the 2D data were being modelled adequately, and provided a means of estimating inversion uncertainty. Synthetic modelling was also used to establish the resolvability of the basement interface based on the resistive character of the project area; derived from downhole resistivity data.
The final depth to basement surface was interpreted jointly from the 1D and 2D inversion results. Two sources of uncertainty were independently estimated for the interpretation.
(1) Uncertainty due to inversion nonuniqueness was estimated by assessing the scatter in 1D inversion results. (2) Maximum and minimum possible basement depths for the final interpretation were estimated from the probability distributions from 1D inversion combined with knowledge of basement resolvability from synthetic modelling.
Our study provides a new depth to basement interpretation with robustly determined error margins. The final interpretation is paired with maximum and minimum bounds to reflect the poorly constrained nature of the basement interface. Comparison to drilling results suggests the error estimates are appropriate. The study demonstrates the limitations of using magnetotelluric data to model depth to basement in the absence of independent constraining information. and provide results for interpretation with a high degree of lateral continuity. Occam2D is also optimised to produce maximally smooth models, reducing the possibility of overinterpreting the MT data (deGroot-Hedlin and Constable, 1990) . Both of these inversion codes are also open source.
The rj-McMC inversions were parameterised to have a maximum number of layers of 20 and maximum layer depth of 2000 m. Selection of these parameters was informed by the complexity of the available downhole resistivity data and maximum expected basement depths from drilling (Green et al., 1963; Kress, 1989; Kress and Simeone, 1993) . The frequency range was limited to 10 -10 4 Hz, and permissible resistivity values limited between 10 -1 and 10 5 Ωm. Inversions were run for 10 4 burn-in samples and 10 5 total samples.
Occam2D inversion mesh was parameterised to 3 km depth, with a first layer thickness of 5 m. Only data with frequencies above 6 Hz were used. All Occam2D inversions used both the TE and TM components and were started from a 100 Ωm half space. Static shift was accounted for during inversion (Ogawa, 2002) . Inversion parameters were as follows: n = 60 layers, rho error floor = 5% and phase error floor = 0.2°. Occam2D inversion files were prepared using MT-py codes (Krieger and Peacock, 2014) .
Basement testing
A simple synthetic test of basement resolvability was created using a resistivity structure similar to the down hole resistivity log from a petroleum well near the project area. The noise free forward response of two models with significantly different basement depths (600 m -Model 1, and 850 m -Model 2) was calculated and compared to assess whether a significant deepening of basement was detectable with magnetotelluric data. The results of this test are displayed in Figure 3 . There is very little difference in the expected MT response and it is reasonable to assume that in the presence of data noise, these models would be indistinguishable.
Typical results for 1D and 2D inversions are displayed in Figure  4 . Inversion results for both methods produce comparable resistivity structures and fit the data well. Interpretation of the 1D inversion results was conducted in Geolog®, then integrated with the 2D inversion results in GoCAD® to produce the final interpretation (Figure 5a ).
The criteria for defining the basement picks from 1D inversions are as follows:
• Basement minimum is defined as the depth at which the p90 curve diverges from the mean, mode and median curves • Basement maximum is the depth at which the p10 curve is greater than 1000 Ωm. • Basement is defined at the highest probability change point contained between the basement min and basement max picks.
The 1D inversion picks display a large amount of scatter but by combining them with the 2D inversions it is possible to generate a cohesive interpretation. The defined basement surface of the project area is displayed in Figure 5a . Green et al., 1963) .
Interpretation and uncertainty
The interpreted basement interface has an uncertainty due to the scattering of 1D interpretation picks seen in Figure 4 . The difference between the final interpretation surface and the 1D inversion pick at each site was calculated and is displayed in Figure 5b . Figure 5c has a corresponding histogram plot for this uncertainty at all sites. The histogram distribution is slightly left skewed, indicating that the final interpretation surface is shallower on average than the 1D inversions suggest. Analysis of the scatter distribution in Figure 5c suggests the contribution that inversion variability makes to the uncertainty of the basement surface is approximately ±250 m.
Due to the poorly constrained nature of the basement interface, an additional estimate of uncertainty was calculated based on a comparison between the basement minimum and maximum picks of the 1D inversion (Figure 4) , and the final basement surface interpretation (Figure 5d ). Synthetic testing suggests that the true basement interface will lie between the basement minimum and basement maximum, so the difference between these values and the basement surface should provide a better estimate of the uncertainty than the scatter in 1D inversion results.
The percentage difference between the basement minimum/basement maximum and the basement surface was calculated at each site and is displayed as a histogram in Figure  5d . The uncertainty analysis suggests that the true basement surface may lie between 30% shallower and 60% deeper than the final interpretation. These error estimates were used for comparison of the final interpretation to a pre-existing depth to basement interpretation and drilling. Comparison between the new interpretation, a pre-existing interpreting (Frogtech Geoscience, 2018) and drilling data is displayed in Figure 6 . The pre-existing interpretation was primarily constructed from depth to magnetic source modelling and covers the entire project area. The depths estimated by the Frogtech Geoscience (2018) study are consistently too deep, suggesting depth to magnetic source is a poor approximation for basement depth in the project area. Despite the high error estimates, the new interpretation more accurately predicts the depth to basement at available drilling locations ( Figure 6 ). 
CONCLUSIONS
We have used 1D probabilistic inversion, combined with 2D deterministic inversion and synthetic modelling to produce a new depth to basement interpretation from magnetotelluric data. Our final interpretation offers a depth, and maximum and minimum bounds informed by analysis of inversion uncertainty and data resolution.
The approach used here makes use of limited independent data to construct a robust interpretation that takes into consideration limitations of data sensitivity and inversion variability. The accuracy of the final interpretation was verified with available drilling data and represents an improvement on the pre-existing depth-to-magnetic source derived interpretation.
